The great variety of geological and hydrological conditions in the deep sea generates many different habitats. Some are only recently explored, although their true extent and geographical coverage are still not fully established. Both continental margins and mid-oceanic seafloors are much more complex ecologically, geologically, chemically and hydrodynamically than originally thought. As a result, Please note that this is an author-produced PDF of an article accepted for publication following peer review. The definitive publisher-authenticated version is available on the publisher Web site 2 fundamental patterns of species distribution first observed and explained in the context of relatively monotonous slopes and abyssal plains must now be re-evaluated in the light of this newly recognized habitat heterogeneity. Based on a global database of nematode genus composition, collected as part of the Census of Marine Life, we show that macrohabitat heterogeneity contributes significantly to total deep-sea nematode diversity on a global scale. Different deep-sea settings harbour specific nematode assemblages. Some of them, like coral rubble zones or nodule areas, are very diverse habitats. Factors such as increased substrate complexity in the case of nodules and corals seem to facilitate the co-existence of a large number of genera with different modes of life, ranging from sediment dwelling to epifaunal. Furthermore, strong biochemical gradients in the case of vents or seeps are responsible for the success of particular genera, which are not prominent in more typical soft sediments. Many nematode deep-sea genera are cosmopolitan, inhabiting a variety of deep-sea habitats and oceans, whereas only 21% of all deep-sea genera recorded are restricted to a single habitat. In addition to habitat heterogeneity, regional differences are important in structuring nematode assemblages. For instance, seeps from different regions yield different genera that thrive on the sulphidic sediments. This study also shows that many areas and habitats remain highly undersampled, affecting our ability to understand fully the contribution of habitat heterogeneity versus regional differences to global nematode diversity.
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The deep-sea floor has long been considered to be a relatively homogeneous environment on a large scale, comprising vast areas of soft well-oxygenated surface sediments. Mainly depth-related factors, 66 such as food input, hydrodynamics and occasionally sediment composition, were assumed to be the 67 main drivers of differences in benthic standing stock, biodiversity and community composition of the 68 benthos (Grassle, 1989; Gage & Tyler, 1991) . However, as a result of increasing exploration by means 69 of bathymetric and visual mapping of habitats (Wefer et al, 2003) , there is now a growing awareness 70 of the true extent of habitat heterogeneity and associated biodiversity along continental margins and 71 abyssal plains. Knowledge of the biological communities associated with particular, locally restricted 72 habitats in the deep sea has significantly increased during the last decade, as has the understanding of 73 how other interdependent variables such as substrate availability and type, biogeochemistry, nutrient 74 input, productivity, hydrologic conditions and catastrophic events shape patterns of diversity on 75 regional scales (Levin et al, 2001 ).
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The increasing interest in particular deep-sea environments, such as cold seeps, hydrothermal 77 vents, cold water corals, canyons and nodule areas, and the wider accessibility of ROV technology,
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have facilitated the direct sampling of these different habitats, which was often not possible using 
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and from oxygenated to anoxic, sulphidic sediments (Heip et al, 1985) . They show a preference for 99 soft sediment but also colonize hard substrates in close contact with deep-sea sediments, such as nodules and coral rubble. Since nematode data at the species level are scarce, and since the majority of deep-sea nematodes remain undescribed, we investigated patterns at the genus level. It has been shown 102 that nematode community composition at the genus level reflects macro-ecological patterns 103 (Vanreusel et 
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Data on nematode density and genus composition were obtained from 542 samples collected from the 120 shelf to the hadal zone. In order to preserve the original composition and biodiversity estimates, data 121 from replicate samples were kept separate and not pooled. Figure 1 shows all geographical areas 122 (some including multiple samples) from which data were collected for this study. Since the focus was 123 on the deep-sea, data obtained from shelf stations (< 200 m) were only included if these were part of a 124 bathymetric transect that covered a significant part of the continental slope. Samples were always 125 collected quantitatively (using different types of corers) and treated with standardized extraction 126 procedures in order to guarantee the most comparable data (Heip et al, 1985) . Literature datasets that the number of individuals was lower than 50 and no EG (51) was calculated.
Samples were classified into 10 different macrohabitats (also referred to as habitats throughout the text) ( 
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Results
166
Differences in nematode community composition between habitats
167
A total of 362 genera was recorded from the 542 samples (Table 2 ). The majority of these genera
168
(about 90 %) were previously recorded from soft-bottomed, regular slope habitats, indicating that the 169 additional habitat heterogeneity is only responsible for 10 % of the total genus pool recorded from 170 deep-sea environments. The proportion of genera restricted to a single habitat within the total number 171 of genera found in that habitat was highest in regular soft slope sediments (15%), followed by the 172 nodule area (10%), the abyssal plains (8%), and the hydrothermal vents (6%). In the remaining 173 habitats the proportion of genera restricted to the habitat was less than 2 %. Many of the dominant genera from soft-slope sediments were also represented in the other habitats, although in different proportions (Fig 3; 
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The average relative abundances of the dominant genera responsible for the similarity within 238 Figure 7 shows the total diversity of pooled samples, combining each habitat respectively with 239 the slope in order to illustrate the extent to which the different habitats contributed to overall slope 240 diversity. Since the number of genera will depend on the number of samples analysed within a habitat, 241 diversity is also expressed as EG(100) (Fig 7a & b) . The abyssal plain and nodule habitats contributed 242 particularly to the increased total genus richness of the slope (Fig. 7a) . Except for the under-sampled 243 seamounts and trenches, all other habitats added to the total genus pool but to a lesser extent (see also 244 Table 2 ). In terms of expected number of genera (Fig 7b) 
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In contrast, the coexistence of genera was occasionally very low in reduced habitats (e.g. seeps 289
and hydrothermal vents), although some seep samples also showed high diversity. In reduced 290 environments, harsh biochemical conditions led to reduced diversity, despite the high food 291 availability. Some opportunistic genera take advantage of the increased organic load associated with 292 seeps or vents and dominate these communities, while the more common deep-sea genera disappear.
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The high variability in diversity estimates within the seep habitat was due to differences in surface 
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At the large scale, i.e. considering all samples from a given habitat as one (Fig 7) , it was the 299 abyssal habitats which increased the genus richness the most when combined with the slope, 
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Habitat specific nematode assemblages
308
The most striking result emerging from the combination of all these independent datasets was that 309 several nematode genera are cosmopolitan, inhabiting a variety of deep-sea habitats and oceans, while 310 only a few genera are restricted to a single habitat. In fact, only a minority of genera (about 21% of 311 the total genera) seem to be restricted to one particular habitat. Most of these were encountered in soft 312 slope sediments, which may be partly explained by the higher number of samples collected in these 313 settings (65% of all samples). All other habitats combined only contributed 10% of the genus richness.
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Most of these habitat-restricted genera were uncommon, suggesting that their absence from other 
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Acantholaimus, and Theristus, These genera were also common in soft sediments from around the 384 World Ocean. Nevertheless, the analysis showed that 22 genera were unique for the nodulised 385 seafloor; furthermore none of these genera was common to the two CCFZ areas. The differences 386 between these two areas were further accentuated by different dominant genera. In particular,
387
Marisalbinema was one of the characteristic and dominant genera in the CCFZ-C. Also remarkable 
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Although there was a strong overlap between canyons and slope communities, nematode assemblages 446 in canyons were characterised by a larger number of dominant genera such as Daptonema (4.5%),
447
Paralongicyatholaimus (4.3%), Pomponema (3.5%), Dichromadora (3.5%), Elzalia (3.3%),
448
Halalaimus (3.1%) and Acantholaimus (3.0%). This probably reflects the generally harsh canyon reflected, in addition to the reduced food availability, lower heterogeneity in sediment texture (Tietjen, 465 1984; 1989) . The more heterogeneous substrates at bathyal depths could be responsible for a higher 466 number of microhabitats and hence an increase of nematode diversity (Tietjen 1984 Table 3 : Average relative abundances (%) per habitat of the genera dominantly responsible for the similarities within habitats and the dissimilarity between each macrohabitat and the slope habitat based on a SIMPER analysis.
